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We calculate the ferroelectric polarization dynamics induced by a femtosecond midinfrared pulse
as measured in the recent experiment by R. Mankowsky et al., Phys. Rev. Lett. 118, 197601 (2017).
It is due to the nonlinear coupling of the excited infrared-active phonon with the ferroelectric mode
or to the excitation of the ferroelectric mode itself depending on the pulse frequency. To begin
with, we write the LiNbO3 crystal symmetry invariant thermodynamic potential including electric
field and nonlinear phonon coupling terms. We solve the equations of motion determined by this
potential for phonon coordinates numerically in classical approximation. We explain the transient
polarization reversal observed in the experiment by action of the depolarizing electric field which is
due to bound charges at the polarization domain boundaries and give a reasonable estimate for its
value. We argue that the polarization could be ultimately reversed when this field is screened.
INTRODUCTION
Control over polarization is essential for many applica-
tions of ferroelectrics, from non-volatile memory storing
[1] to the switchable surface chemistry and catalysis [2].
The usual way of the polarization reversal by static or
pulsed electric fields is limited in speed by hundreds of
picoseconds [3]. Several proposals have been made how to
switch the polarization on a time scale of picoseconds by
directly exciting the ferroelectric mode with ultra-short
radiation pulses [4–6]. However, they still have not been
realized in practice. Though, a 90 degrees polarization
rotation in a part of domains of a multi-domain ferro-
electric thin film of (Ba0.8Sr0.2)TiO3 induced by a strong
single-cycle terahertz pulse was claimed recently in [7].
At the same time, ultra-short (less than 20 ps) all-optical
magnetic polarization control with low heat load in trans-
parent ferromagnetic films has already been reported [8].
Recently, it has been proposed to switch the ferroelec-
tric polarization by resonantly exciting infrared-active
phonon mode nonlinearly coupled to the ferroelectric
mode [9]. This approach, developed in last decades with
an appearance of very high intensity lasers and called
nonlinear phononics, has already proved to be successful
in ultrafast lattice control [10]. The follow-up experi-
ment [11] has indeed demonstrated a transient switching
of the polarization in LiNbO3 (LNO) crystal for laser
pulse fluences larger than about 60 mJ/cm2 (with the
laser pulse duration of about 150 fs). One of possible ex-
planations of the observed rapid polarization return to its
initial state was the formation of uncompensated electric
charges after polarization reversal in the irradiated part
of the crystal [11] which has not been taken into account
theoretically [4–6, 9, 11].
In this paper we calculate the phonon modes dynam-
ics in conditions of the experiment [11]. We first argue
that the equation of motion for the polarization is gov-
erned by the thermodynamic potential rather than a po-
tential obtained from ab-initio calculations for the unre-
laxed crystal which was used in [9, 11]. This implies that
nonlinear coupling terms must be invariant under sym-
metry transformations of the crystal parent group. We
find biquadratic coupling constant values from the in-
frared phonons frequency shift at the ferroelectric phase
transition which is known for LNO from ab-initio calcula-
tions. We solve numerically equations of motion for the
coupled phonon modes and determine the depolarizing
electric field value that corresponds better to the polar-
ization dynamics observed in [11]. We propose to screen
this field in experiment by a metallic wire deposited on
the crystal surface around the irradiated spot in order to
get an ultimate polarization reversal. We also show that
an ultimate reversal of polarization in conditions of the
experiment [11] is possible in our model when the ferro-
electric mode is excited resonantly, though it demands
very high pump fluences.
THEORETICAL APPROACH
In crystals, the movement of interacting with each
other atoms near their equilibrium positions is a super-
position of a complete set of normal modes {𝑄} which
are plain waves with definite frequencies and polariza-
tions and which transform according to irreducible rep-
resentations of the crystal symmetry group. According
to the phenomenological Landau theory, the second order
phase transition takes place when the coefficient of the
quadratic term of one of the coordinates in the thermody-
namic potential 𝐹 ({𝑄}, 𝑇 ) becomes negative below the
critical temperature 𝑇𝑐. This leads to a non-zero thermal
equilibrium value of this coordinate which is proportional
to the spontaneous polarization in ferroelectrics [12].
It is believed that the thermodynamic potential deter-
mines the dynamics of the order parameter as well. In
the case of a displacive structural phase transition the
corresponding equation is [13]:
?¨?+ 𝛾?˙?+ 𝜕𝐹 ({𝑄}, 𝑇 )/𝜕𝑄 = 0, (1)
where 𝛾 is the damping constant. In the static case this
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2equation reduces to the usual thermal equilibrium condi-
tion. In the low-frequency range 𝐹 ({𝑄}, 𝑇 ) is calculated
for fixed generalized forces conjugate to all other gener-
alized coordinates. Thus understood Eq. (1), if valid
up to optical phonon frequencies, expresses the essence
of the so-called soft mode concept. Indeed, the square
frequency in Eq. (1) is equal to the inverse static sus-
ceptibility 𝜒−1(𝑇 ) = 𝜕2𝐹 ({𝑄}, 𝑇 )/𝜕𝑄2 which becomes
zero at 𝑇 = 𝑇𝑐. Only for high-frequency coordinates
𝐹 ({𝑄}, 𝑇 ) should be calculated for fixed values of the
slowly changing coordinates [13].
We note that in [9] the potential 𝑉 ({𝑄}) which deter-
mines equations of motion similar to Eq. (1) was calcu-
lated for PbTiO3 crystal from first principles using den-
sity functional theory for fixed values (corresponding to
the low-temperature ferroelectric phase) of all the rest of
coordinates. For this reason the potential 𝑉 ({𝑄}) was
not symmetric in the ferroelectric mode coordinate 𝑄𝑃
(though the symmetry was restored when other coordi-
nates were relaxed for a given value of 𝑄𝑃 ) [9]. The thus
obtained potential would be appropriate for a very fast
dynamics of the ferroelectric mode. At the same time, in
the experiment [11] the characteristic time change of 𝑄𝑃
is not smaller than its inverse frequency. Moreover, the
signal of the second harmonics vanishes at some point.
This implies that the crystal becomes centrosymmetric
at this moment which is not possible when only the po-
larization vanishes but other coordinates are not relaxed
with their values corresponding to the noncentrosymmet-
ric ferroelectric phase.
LNO THERMODYNAMIC POTENTIAL
In what follows we will consider for concreteness the
LNO crystal and the experiment scheme and conditions
as in [11], see Fig. 1. Ferroelectric phase transition in
LNO crystal occurs at the temperature about 1480 K
from the paraelectric phase with symmetry 𝑅3𝑐 (𝐷63𝑑) to
the low-temperature ferroelectric phase with symmetry
𝑅3𝑐 (𝐶63𝑣) [14]. Two formula units in the unit cell implies
27 optical phonon modes, 4𝐴1+5𝐴2+9𝐸 in the ferroelec-
tric phase and 𝐴1𝑔+2𝐴1𝑢+3𝐴2𝑔+3𝐴2𝑢+4𝐸𝑔+5𝐸𝑢 in the
paraelectric phase. In the ferroelectric phase infrared-
active polar optical phonon modes 𝐴1(TO1−4) have fre-
quencies about 7.5, 8.1, 10 and 19 THz and 𝐸(TO1−9)
modes are with frequencies about 4.6, 7.0, 7.9, 9.7, 10.8,
11.1, 13.0, 17.3 and 19.8 THz [15, 16]. In the paraelec-
tric phase 𝐴1(TO3) has irreducible representation 𝐴1𝑔
while the others are 𝐴2𝑢 [14]. The mode 𝐴1(TO1) be-
comes softer approaching the phase transition [17] and
according to the first-principles calculations [18] it has
the strongest overlap (0.82) with the mode 𝐴2𝑢 which
is unstable in the paraelectric phase and coincides with
the atomic displacements during the phase transition.
The mixing of 𝐴1(TO1) and 𝐴1(TO2) modes at temper-
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Figure 1. Sketch of the bulk and domain polarizationP𝑏,𝑑 and
electric field E due to the bound charges in the sample when
irradiated by a terahertz pulse; free charges on the surface are
in circles (a) and the time-dependence of the terahertz radia-
tion electric field (thick, red) and the corresponding infrared
mode amplitude 𝑄𝐴1(TO)4 (blue) nonlinearly coupled to the
ferroelectric mode at a fluence of 95 mJ/cm2 (b).
atures between 400 and 600 K [17] is probably the cause
of the incomplete overlap in the first-principles calcula-
tions. We will label the ferroelectric soft mode as 𝑄𝑃
and the other infrared-active modes 𝑄IR as 𝑄𝐴1𝑔 , 𝑄𝐴2𝑢 ,
(𝑄𝐸𝑔,𝑥, 𝑄𝐸𝑔,𝑦) and (𝑄𝐸𝑢,𝑥, 𝑄𝐸𝑢,𝑦) according to their ir-
reducible representation.
During the ferroelectric phase transition the condensa-
tion of the soft mode occurs at the center of the Brillouin
zone. The teraherz pulse as in the experiment [11] also
excites mostly long-wavelength phonons. So we will con-
sider an homogeneous case and neglect the interaction of
phonons with different wavelengths coming from nonlin-
ear phonon coupling.
The thermodynamic potential density 𝐹 ({𝑄}, 𝑇 ) that
we want to write should be invariant under transforma-
tions of the parent paraelectric phase crystal symmetry
group. We will write it as a sum
𝐹 = 𝐹0 + 𝐹𝐸-ph + 𝐹ph-ph. (2)
The first part describes free phonons:
𝐹0 = −𝜔
2
𝑃
4
𝑄2𝑃 +
𝑐𝑃
4
𝑄4𝑃 +
𝜔2IR
2
𝑄2IR, (3)
where 𝜔𝑃,IR are frequencies of the corresponding modes
𝑄𝑃,IR. The coefficient 𝑐𝑃 determines the equilibrium
value 𝑄𝑒𝑃 through the equation 𝜕𝐹/𝜕𝑄𝑃 = 0. In the
absence of electric field and nonlinear phonon interac-
tions this gives 𝑐𝑃 = 𝜔
2
𝑃 /2(𝑄
𝑒
𝑃 )
2. Summation over all
infrared-active modes 𝑄IR in Eq. (3) is assumed.
As a function of the ferroelectric mode amplitude
𝐹0(𝑄𝑃 ) was calculated ab-initio, for instance, in [19] and
when fitted to a forth order polynomial it provided the
energy difference between the ground and the lowest ex-
cited state in agreement with experimental data.
3The second part of the thermodynamic potential cor-
responds to the phonon-electric field coupling:
𝐹𝐸-ph =− 𝐸𝑧(𝑍*𝑃𝑄𝑃 + 𝑍*𝐴2𝑢𝑄𝐴2𝑢 + 𝑍𝐴1𝑔𝑄𝑃𝑄𝐴1𝑔 )
−
∑︁
𝑗=𝑥,𝑦
𝐸𝑗(𝑍
*
𝐸𝑢𝑄𝐸𝑢,𝑗 + 𝑍𝐸𝑔𝑄𝑃𝑄𝐸𝑔,𝑗), (4)
where 𝑍*𝑃,IR are Born effective charges of the correspond-
ing modes 𝑄𝑃,IR, 𝑍𝐴1𝑔,𝐸𝑔 are coupling constants, 𝐸𝑥,𝑦,𝑧
are the electric field components.
We see from Eq. (4) that coupling of the electric field
to symmetric phonon modes 𝐴1𝑔 and 𝐸𝑔 is possible only
in ferroelectric phase, when ⟨𝑄𝑃 ⟩ ̸= 0. Though, even
in ferroelectric phase this coupling is expected to be not
large due to the small value of ⟨𝑄𝑃 ⟩. Indeed, the effective
charge of 𝐴1(TO3), which has irreducible representation
𝐴1𝑔 in paraelectric phase, is very small [15].
We will focus on a single phonon mode excitation and
as a consequence only on two-phonon modes coupling,
one of each is the ferroelectric soft mode 𝑄𝑃 and the
other is an infrared-active mode 𝑄IR (see [20, 21] for dis-
cussions on three phonon modes interaction). The lead-
ing coupling terms in phonon amplitudes (up to the forth
order) are
𝐹ph-ph =
∑︁
𝑖=1,2
𝑎𝑖𝑄
2
𝑃𝑄
𝑖
𝐴1𝑔 +
∑︁
𝑖=1,2,3
𝑐𝑖𝑄
𝑖
𝑃𝑄
4−𝑖
𝐴2𝑢
+
∑︁
𝑖=𝑔,𝑢
𝑗=𝑥,𝑦
𝑏𝑖𝑄
2
𝑃𝑄
2
𝐸𝑖,𝑗 + 𝑑𝑄𝑃𝑄𝐸𝑢,𝑦(3𝑄
2
𝐸𝑢,𝑥 −𝑄2𝐸𝑢,𝑦). (5)
Three-phonons interaction in Eq. (5) with the cou-
pling constant 𝑎1 is not of much interest to us because
it is difficult to excite 𝐴1𝑔 mode as we discussed above
(since its effective charge is proportional to 𝑄𝑃 , this term
effectively is of the forth order in phonon coordinates).
In what follows we apply the thermodynamic potential
(2) through Eq. (1) to describe the results of the exper-
iment [11] where the mode 𝐴1(TO4) was pumped reso-
nantly by a high-intensity femtosecond electromagnetic
pulse. For this purpose we precise in the next section the
numerical values of parameters which enter Eqs. (1) - (2).
VALUES OF PARAMETERS
The electric field in Eq. (4) has two constituents,
𝐸𝑧 = 𝐸1 + 𝐸2, the both being directed along 𝑧-axis in
the experiment [11]. One is the driving midinfrared pulse
electric field 𝐸1(𝑡) = 𝐸0 sin(𝜔𝑡) exp(−4 ln 2 𝑡2/𝑇 2) with
frequency 𝜔, Gaussian envelope of duration 𝑇 = 0.15 ps
and amplitude 𝐸0 up to 25 MV/cm in the experiment
[11], see Fig. 1(b). The other component is due to the
depolarizing electric field 𝐸𝑑 in the reversed polariza-
tion domain created by the terahertz pump (Fig. 1(a)).
We suppose there is no screening of this field by free
carriers on the time scale of the polarization reversal
as in the experiment [11]. So the resulting field is
𝐸2(𝑡) = 𝐸𝑑(1−𝑄𝑃 (𝑡)/𝑄𝑒𝑃 ).
We calculate the effective electric charge of a given
optical mode from the experimental value of its oscil-
lation strength [22]. Thus, we obtain 𝑍*𝑃 = 1.356,
𝑍*𝐴1(TO2) = 0.564 and 𝑍
*
𝐴1(TO4)
= 1.404 𝑒/
√
u. The ef-
fective charge 𝑍*𝐴1(TO3) is very small [17] and we will
neglect the dynamics of this mode.
The ions shifts between paraelectric and ferroelectric
phase at room temperature according to [23] correspond
to 𝑄𝑒𝑃 = 2.9
√
uA˚ which agrees with the minimum po-
sition of the two-minimum energy surface calculated in
[19]. At the same time, according to the experimental
data [24] the Li and O atoms are shifted in the ferroelec-
tric phase by about Δ𝑧Li = 0.460 A˚ and Δ𝑧O = 0.270 A˚
which gives the amplitude 𝑄𝑒𝑃 = (
∑︀
𝑖𝑚𝑖Δ𝑧
2
𝑖 )
1/2 =
3.1
√
uA˚. The same value of 𝑄𝑒𝑃 , which we adopt in our
calculations, follows from atomic displacements calcu-
lated ab-initio [14, 18, 25]. 𝑄𝑒𝑃 enters Eq. (1) as an
initial value of the 𝑄𝑃 (𝑡) coordinate. Initial values of
other coordinates are obtained from the equilibrium con-
dition 𝜕𝐹/𝜕𝑄IR = 0 and they are not zero when the
modes are nonlinearly coupled, see Fig. 1(b). This also
can explain a partial overlap of ferroelectric soft modes in
para- and ferroelectric phases as it was discussed above.
We note that the spontaneous polarization 𝑃𝑠 =
𝑍*𝑃𝑄
𝑒
𝑃 /𝑣0, 𝑣0 being the unit cell volume, calculated for
𝑄𝑒𝑃 = 3.1
√
uA˚ is about 0.64 C/m2 and slightly lower
than the experimental value about 𝑃𝑠 = 0.70 C/m
2 [18]
which in its turn is attained for a rather large value
𝑄𝑒𝑃 = 3.4
√
uA˚. This slight discrepancy can also be at-
tributed to the highly nonlinear evolution of the charges
along the ferroelectric path of atomic displacements [18].
We adopt the values for the damping constants in
Eq. (1) from [22] to be ̃︀𝛾𝑃 = 0.8, ̃︀𝛾𝐴1(TO2) = 0.6 and̃︀𝛾𝐴1(TO4) = 1.0 THz (with 𝛾 = 2𝜋̃︀𝛾). The damping ̃︀𝛾𝑃
increases strongly with temperature and equals the soft
mode frequency of 5 THz at about 1100 K [17]. It is not
clear whether this is due to the mode softening or just to
the temperature dependence. We keep the damping ̃︀𝛾𝑃
constant in our calculations.
Finally, we note that the biquadratic phonon-phonon
interaction with the coupling constant 𝑐2 in Eq. (5) does
change not only the frequency of the soft mode 𝑄𝑃 but
the frequency of the 𝑄IR as well, Eq. (3). This allows,
for instance, in some cases to reproduce the polariza-
tion temperature dependence from high-frequency modes
temperature dependence [26, 27]. Usually the effect is not
large. For the ferroelectric KDP crystal, however, the
change is about ten percent for certain modes indicating
both signs of the coupling constant [28, 29]. So we cal-
culate the coupling constant as 𝑐2 = (𝜔
2
IR−Ω2IR)/2(𝑄𝑒𝑃 )2
where 𝜔IR and ΩIR are the frequencies of the 𝑄IR mode in
the ferroelectric and paraelectric phases respectively, 𝑄𝑒𝑃
is the thermal equilibrium value of 𝑄𝑃 at room temper-
ature. The positive sign of the coupling constant assures
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Figure 2. Ferroelectric mode dynamics for the pump pulse
fluences of 30, 60 and 95 mJ/cm2 and frequency 𝜔 = 19 THz
when 𝑐1,3 = 0 and 𝐸𝑑 = 0 (dashed) and 𝑐1 = 10, 𝑐3 = 17
meV/u2A˚4 for 𝐴1(TO4) and 𝐸𝑑 = 2.8 MV/cm (solid). Red
dots are at minimums of 𝑄𝑃
a single well potential 𝐹 (𝑄𝑃 ) for large values of 𝑄
2
IR and
thus a possibility of the polarization reversal. We note
that 𝜔IR does not change substantially in the ferroelec-
tric phase of LNO up to about 1000 K [17, 30] but this
agrees with a small change in the polarization itself in
this temperature range [31].
Due to the very high temperature of the phase tran-
sition the values of ΩIR for LNO crystal are available
only from first-principles calculations. For 𝐴1(TO4) they
vary from 15.6 [14] and 14.3 [18] to 13.6 THz [25], for
𝐴1(TO2) from 3.5 [14] and 2.8 [18] down to 0.9 THz [25].
For 𝐴1(TO3) in contrast the frequency is larger in the
paraelectric phase varying from 12.1 [14, 18] to 10 THz
[25] which indicates a possible negative value of the bi-
quadratic phonon-phonon coupling constant. We adopt
values Ω𝐴1(TO4) = 14 THz and Ω𝐴1(TO2) = 3.5 THz
which correspond to 𝑐2,𝐴1(TO4) = 34 meV/u
2A˚4 and
𝑐2,𝐴1(TO2) = 11 meV/u
2A˚4. We note that our coupling
constants appear to be an order of magnitude smaller
than those obtained for quantum paraelectric crystals
KTaO3 [32] and SrTiO3 [33] from DFT calculations. This
might be due to the calculation procedure of the potential
discussed in Sec. . Indeed, a relaxed lattice has the low-
est energy and, as a consequence, the nonlinear phonon
coupling constants of our thermodynamic potential are
smaller.
We keep coupling constants 𝑐1 and 𝑐3 in Eq. (5) and
the depolarizing electric field 𝐸𝑑 in Eq. (4) as fitting
parameters in our calculations when compared to the ex-
perimental results [11].
CALCULATION RESULTS
We start with zero values of coupling constants 𝑐1,3
and the depolarizing electric field 𝐸𝑑 and calculate the
phonon modes dynamics for three values of the infrared
pulse fluence, see Fig. 2. In the experiment [11] for flu-
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Figure 3. Minimum of 𝑄𝑃 (normalized by 𝑄
𝑒
𝑃 ) as a function
of fluence for different frequencies of the pump pulse. At
𝜈pump = 7 THz two lines correspond to opposite signs of the
pump pulse electric field. Experimental data are from [11]
ences above a threshold value of 60 mJ/cm2 the second-
harmonic intensity (and thus the ferroelectric mode 𝑄𝑃 )
was observed to vanish completely. We see, however,
only a reduction of it at this fluence. The dynamics be-
comes closer to the experiment if we put 𝑐2,𝐴1(TO4) =
51 meV/u2A˚4 but this corresponds to the very low fre-
quency Ω𝐴1(TO4) = 10.7 THz expected in paraelectric
phase. Interestingly, the situation can be improved if
we take a positive value of the constant 𝑐3,𝐴1(TO4)
>∼
13 meV/u2A˚4. It is rather unexpected because the force
exerted by this coupling on 𝑄𝑃 oscillates and changes
its sign. At the same time, negative values of 𝑐3,𝐴1(TO4)
make the polarization reversal even harder. Finite values
of 𝑐1,𝐴1(TO4) do not influence much the dynamics. This
can be easily understood because the latter coupling is
cubic in 𝑄IR while the former is linear and 𝑄IR ≪ 𝑄𝑃 .
The reentrant behavior of the polarization for the
largest fluence of 95 mJ/cm2 available in [11] appears
for depolarizing electric fields larger than about 𝐸𝑑 ≈
2.5 MV/cm. This value to be compared with the de-
polarizing field in a plate-like monodomain sample 𝐸𝑑 =
𝑃𝑠/(𝜀𝜀0) which is about 26.4 MV/cm for 𝑃𝑠 = 0.70 C/m
2
and the dielectric constant 𝜀33 = 30 in LNO (𝜀0 is the
electric constant). The value of the depolarization factor
𝑁 ≈ 0.1 seems to be reasonable taken into account the
oblong shape of the reversed polarization domain created
(the pump penetration depth is about 3.2 𝜇m [11] and
its spot size is about 65 𝜇m [22], see Fig. 1(a)).
Finally, we adopt the values 𝐸𝑑 = 2.8 MV/cm and
𝑐1 = 10 and 𝑐3 = 17 meV/u
2A˚4 for 𝐴1(TO4) mode, see
Fig. 2. For 𝐴1(TO2) we keep these coupling constants
zero since its dynamics (due to the small Born electric
charge 𝑍*𝐴1(TO2)) does not influence visibly the dynam-
ics of 𝑄𝑃 even near the resonance which is close to the
resonance of 𝑄𝑃 itself.
We calculate the minimum value of 𝑄𝑃 (normalized by
𝑄𝑒𝑃 ) as a function of fluence for different frequencies of
the pump pulse (with the same Gaussian envelope du-
ration) and compare our results to the experiment [11],
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Figure 4. Susceptibility as a function of the pump frequency
normalized to unity at 19 THz. Experimental data are from
[11]
see Fig. 3. The agreement is good enough. For the
pump frequency of 7 THz, which is close to the ferroelec-
tric mode resonance, the result depends slightly on the
sign (phase) of the pulse oscillations due to comparable
values of the pump duration and the period of oscilla-
tions. For this pump frequency we see an ultimate rever-
sal of the polarization for fluences higher than about 40
mJ/cm2. The reversal becomes even harder for larger val-
ues of the depolarizing field until it becomes impossible
if 𝐸𝑑 >∼ 5 MV/cm. This threshold corresponds to the co-
ercive field value in our model, 𝐸𝑐 = 𝑃𝑠/(3
√
3𝜀𝜀0) in the
absence of electric field and nonlinear phonons coupling,
at which the metastable state (local minimum) with op-
posite polarization disappears. We note, however, that it
is an order of magnitude larger than experimental values
of the coercive field in this crystal [34].
The dependence of the susceptibility min𝑄𝑃 /fluence
calculated for small fluences as a function of the pump
frequency reproduces the experimental results [11] as well
(Fig. 4). The width of peaks is determined mostly by the
frequency width of the pump pulse.
DISCUSSION
In our calculations we see the oscillations of 𝑄𝑃 with
the ferroelectric mode frequency which are absent in the
experiment [11]. In the experiment these oscillations
could be smeared for several reasons. First, initial values
of velocities are not zero and those of coordinates are not
at equilibrium but they are determined instead by the
temperature and the coordinates wave functions. Sec-
ond, the electric field amplitude of the midinfrared pulse
which penetrates the crystal is not homogeneous and is
determined by the Gaussian function perpendicular to
its direction and a vanishing exponential deep into the
crystal, exp(−𝑧/𝑧0) with 𝑧0 ≈ 3.5𝜇m, while the second
harmonic is generated at 𝑧 <∼ 1𝜇m [11]. Finally, the non-
linear coupling to the phonon modes with nonzero wave
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Figure 5. Sketch of the screen (in golden) on the top of the
crystal around the pump laser spot and the electric charges
distribution (free charges are in circles)
numbers which we have not taken into account would
probably also lead to the polarization oscillations smear-
ing.
High-intensity sources of far-infrared electromagnetic
fields (more than 3.5 MV/cm) tunable between 4 and 18
THz were reported recently in [35]. These fluences, how-
ever, are not high enough to switch the polarization by
the resonant pump of the ferroelectric mode (Fig. 3). A
very high-intensity source of terahertz single-cylce pulse
(up to 22 MV/cm) was reported in [36] but its frequency
is about 1 THz only. Thus, the resonant ferroelectric
mode reversal in LNO seems to be unattainable at the
moment.
Our calculations show, however, that the polarization
can be ultimately switched in the absence of the depo-
larizing field (Fig. 2). In order to screen this field a
metallic wire could be used which is drawn in golden in
Fig. 5. The relaxation time of this screen 𝜏 = 𝑅𝐶 is
determined by the resistance 𝑅 ≈ 𝜌𝐿/(ℎ + 𝑑)𝛿 and ca-
pacitance 𝐶 ≈ 𝜀𝜀0ℎ of the wire. The resistivity and skin
depth for gold at frequency 10 THz are 𝜌 ∼ 10−7Ω m
and 𝛿 ≈ 30 nm. The metallic wire length, height and
width are about 𝐿 ≈ 400𝜇m, ℎ ∼ 𝑑 ∼ 10÷ 100𝜇m. This
yields the relaxation time smaller than 𝜏 ∼ 0.1 ps, which
is enough to follow the polarization dynamics (Fig. 2).
Recently, anharmonic oscillations of the lowest fre-
quency 𝐸 mode in LNO were studied under resonant exci-
tation by a single-cycle pulse with the electric field about
1 MV/cm [37]. At the same time, it would be interesting
to see the dynamics of the ferroelectric mode 𝑄𝑃 induced
by the resonant excitation of the 𝐸 modes, Eqs. (4)-(5),
due to their nonlinear coupling as it was described in
this work for the 𝐴 modes excitation, especially keeping
in mind orthogonal polarizations of the 𝐴 and 𝐸 modes.
Calculated ab-initio 𝐸 modes frequencies [14, 25] differ
substantially in para- and ferroelectric phases meaning
possible strong coupling constants of these modes to the
ferroelectric mode.
6CONCLUSION
Our calculations of the ferroelectric mode dynamics
in LNO, determined by the parent phase symmetry-
invariant thermodynamic potential, reproduce well the
transient reversal of polarization under high-frequency
mode excitation reported in [11] when the electric field
of the bound charges is taken into account. The esti-
mated strength of this field agrees with the polarization
value in LNO and the expected depolarization factor of
the transiently created polarization domain. We argue
that the polarization could be ultimately reversed if the
depolarizing field is screened, for example by the metal-
lic wire on the top of the crystal around the pump laser
spot. We preview that the same dynamics of the polar-
ization could be probed by the resonant excitation of the
𝐸 modes which are orthogonal to the polarization.
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